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CUSHIONED GROUNDING CLAMP 

10 Inventor 

Steven J. Miener 
Field of the Invention 



The present invention disclosure relates to clamps for securing tubes or ducts to a 
larger structure, and more specifically, to clamps that electrically ground the item held to the 
15 larger structure. 



Background of the Invention 

Objects requiring electrical grounding in their installed application are countless. 
Electrical grounding is commonplace in vehicles for traversing air, land, or water. For 
example, metallic tubes and ducts are typically installed in aircraft with P-clamps or D- 

20 clamps that would typically include a cushioning material such as rubber to dampen vibration 
such that a secure trouble-free assembly is formed. However, such vibration dampening 
materials that either stop vibration or conform to securely hold the tube, pipe or other object, 
are typically electrical insulators. Thus, the pipe, tube, or other object being held must be 
separately grounded. Similarly, on the aircraft, metallic tubes and ducts (e.g. oxygen, ECS, 

25 fuel, and hydraulic lines) that are over three inches in length must be grounded to aircraft 
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structure to prevent static electricity build-up on the lines. Such grounding is currently 
carried out with bonding hardware consisting of approximately 10 parts. A conductive 
metallic loop-type grounding clamp is used with a grounding jumper, bolts, washers, and 
various nuts. All of these parts increase the complexity and part count as well as the 
difficulty of assembly of the aircraft. Similar problems are likewise encountered in various 
industries where grounding of the clamped part is required. Thus, a need exists to eliminate 
separate grounding hardware and incorporate this capability into a structural support clamp. 



The present invention is directed toward clamping apparatus and methods for holding 
an item to an electrically conductive structure. In one embodiment, a clamp includes a strap, 
a fastener, a cushion, and a conductive material. The strap provides the structural strength 
for holding the item, is electrically conductive, and provides an electrical grounding path to 
structure. The fastener is coupled to the strap for securing the strap to the structure. The 
cushion is disposed within the strap to at least partially isolate the held item from shock and 
vibration transmitted through the strap. The conductive material is held by at least at a 
portion of the interior surface of the cushioning material. The conductive material is 
electrically coupled to the strap. 

In another embodiment, the cushion is constructed with an electrically conductive 
material. The conductive material is electrically coupled to the strap. In this embodiment, 
the strap is preferably metal and the cushioning material includes rubber. 

In another embodiment, the cushion includes an interior surface. The conductive 
material includes a metallic strip coupled to the interior surface of the cushion. The strap 
includes a securement portion configured to receive the fastener with the metallic strip being 
electrically coupled thereto. 

In an alternate embodiment of the invention, the conductive material is made up of 
metallic stitching within the cushion. In this embodiment, at least a portion of the stitching is 
exposed to the interior surface of the cushion. The stitching is also exposed to the conductive 
strap, forming a conductive path thereto. Alternatively, the conductive material may be 
composed of embedded thin wire within the cushion. 



Summary of the Invention 
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The strap may alternatively be a "P" shape or "D" shape. In the D-shape 
embodiment, the strap includes two parts coupled together to encircle the item. In the D- 
shape configuration, the cushioned material is secured to both parts. Alternatively, a "U" 
shape construction may be utilized with a single part. 
5 Alternatively, the invention may be described as a holder for holding an electrically 

conductive object to a structure. In one embodiment, the holder includes a cushioned 
material, and an electrically conductive material. The cushioned material is arranged to 
contact the object on one side thereof. The electrically conductive material is coupled to the 
cushioned material and has at least a portion thereof on the side of the cushion for contact 

10 with the object. The electrically conductive material is arranged for electrical conductivity to 
the structure. Preferably, the holder is in the form of a bracket to which the cushioned 
material is secured. The bracket provides structure to hold the object in place. A fastener is 
coupled to the bracket and secured to the structure. The bracket is electrically coupled to the 
conductive material to complete the grounding to the structure from the object. In the 

15 preferred form, the bracket is in the form of a clamp with the cushioned material being 
disposed within the clamp such that the cushioned material is at least partially exposed 
between the object and the clamp. 

A method of securing an item to an electrically conductive structure is also part of the 
present invention. In one embodiment, a method includes coupling a conductive material to 

20 a cushioned material, securing the cushioned material to an elongated strap, partially 
encircling the item to be secured by the elongated strap, and fastening the elongated strap to 
the structure. At least a portion of the strap is conductive with the cushioned material being 
coupled to the conductive portion. The cushioned material is placed between the elongated 
strap and the item with the conductive material contacting the item. The elongated strap is 

25 fastened to the structure with a fastener, the conductive portion of the strap is coupled to 
structure to complete the ground. 

The coupling a conductive material to a cushioned material may include securing a 
metallic strap to an inner surface of the cushioned material. Alternatively, a metallic material 
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may be stitched, woven, or otherwise formed into the cushioned material, or the cushioned 
material itself may be conductive. 

Brief Description of the Drawings 

5 The preferred and alternative embodiments of the present invention are described in 

detail below with reference to the following drawings. 

FIGURE 1 is a perspective view of a clamp in accordance with an embodiment of the 
present invention shown holding a tube to a mount structure. 

FIGURE 2a is an isometric view of a "P" shape embodiment of the present invention 
10 with a metallic strip for conductive grounding; 

FIGURE 2b is an isometric view of a "D" shape embodiment with a metallic strip; 
FIGURES 3a and 3b illustrate "P" shape and "D" shape embodiments in isometric 
views with metallic stitchings; 

FIGURES 4a and 4b are isometric views of "P" shape and "D" shape embodiments 
1 5 with conductive cushioned material; and 

FIGURE 5 is a side elevational view of an aircraft 600 in accordance with another 
alternate embodiment of the present invention. 

Detailed Description of the Preferred Embodiment 

20 The present invention relates to clamping apparatus and methods for holding objects, 

and more specifically, to an integrated grounding system with a clamp that includes a 
cushioning material. Many specific details of certain embodiments of the invention are set 
forth in the following description and in FIGURES 1 through 5 to provide a thorough 
understanding of such embodiments. One skilled in the art, however, will understand that the 

25 present invention may have additional embodiments, or that the present invention may be 
practiced without all of the details described in the following description. 

FIGURE 1 is a perspective view of a cushioned grounding clamp 10 of the present 
invention shown holding a tube 12 to a mount structure 14. FIGURE 2a is an isometric view 
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of the "P" shaped clamp 10 of FIGURE 1. With reference to FIGURE 1, the mount structure 
14 may be any structural element to which tube 12 is to be secured, such as a structural beam 
in an aircraft fuselage. Tube 12 is a tube, pipe, or duct for containing gases or fluid materials 
that are used within the aircraft, such as, for example, air, oxygen, fuel, or hydraulic fluid. 
5 Tube 12 is at least partially electrically conductive such that it must be grounded to the 
aircraft structure to prevent static electricity build-up. As will be described in more detail 
below, the clamp 10 of the present invention provides a grounding assembly to eliminate 
several parts typically used for grounding the metallic tube 12. 

Clamp 10 includes a strap 16 forming the basic structural component of clamp 10. 

10 Strap 16 is preferably constructed of metal and is formed into a clamp shape, such as a "P" 
shape as shown in FIGURES 1 and 2a. Thus, strap 16 is electrically conductive in the 
preferred embodiment. A cushion 18 is disposed around the interior of strap 16. Cushion 18 
may also have wings 19 that extend upwardly from the main interior portion of cushion 18 to 
partially surround the sides and outer face of strap 16. Strap 16 is also formed with mounting 

15 flanges at the end thereof that come together to be secured to the mount structure with a 
fastener 20. To this end, a hole, (not shown in FIGURE 1), is provided within mounting 
flange 24. Fastener 20 may include a machine screw, bolt, or other suitable fastening device 
to fasten clamp 10 to mount structure 14. 

In this embodiment, a metallic strip 22 is bonded or retained in another manner to an 

20 interior surface 26 of cushion 18. Metallic strip 22 is formed of a conductive metal, and in 
one embodiment, may be formed from a thin stripping material that is glued or otherwise 
secured to the interior surface 26 of cushion 18. Metallic strip 22 extends from its exposed 
position to a position where it contacts strap 16. Metallic strip 22 may extend partially or 
completely between mounting frames 24. Metallic strip 22 may be tack welded or otherwise 

25 secured to strap 16. Strap 16, being conductive, can transmit electricity to mount structure 14 
for grounding. For example, metallic strip 22, being a thin strip of soft metal or other 
conductive material, may simply extend between the ends of mounting flange 24 at the 
location of the hole in mounting flange 24 for fastener 20. Fastener 20 may be inserted 
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therethrough to ensure metallic strip 22 is retained and makes positive electrical contact to 
strap 16. 

FIGURE 2b is an isometric view of a clamp 1 10 having a thin metallic strip 122 in 
accordance with another embodiment of the present invention, but with the clamp 1 10 having 
5 a "D" shape configuration. In this embodiment, a base strap 128 and a base cushion 130 are 
provided. The main strap 1 16 forms a "U" shape with the base strap 128 continuing the loop 
to form an overall "D" shape. Because two strap portions are provided, a cushioning 
material may also be provided in two sections, an upper cushion 1 1 8 and a base cushion 130. 
Note that throughout the discussion of FIGURES 2 through 4, the 10s and Is digits in 
10 the numbered elements are used for similar features from one figure to the next. Thus, for 
example, main strap 116 of FIGURE 2b is similar to strap 16 of FIGURE 2a. 

In the embodiment of FIGURE 2b, metallic strip 122 extends over the interior surface 
of base cushion 130. The end of metallic strip 122 extends such that it contacts mounting 
flange 124. Contact may be provided at one or both sides of base strap 128. Alternatively, 
1 5 metallic strip 22 may reside on interior surface of upper cushion 118. 

FIGURES 3a, 3b, 4a, and 4b illustrate alternative embodiments of "P" shape and "D" 
shape clamps, but with different conductive materials secured to the cushion. More 
specifically, in FIGURES 3a and 3b, metallic stitching 222, 322 is used to extend through 
and be exposed at least partially on the interior surfaces 226, 326 of cushions 218 (FIGURE 
20 3a) and cushions 318, 330 (FIGURE 3b). The metallic stitching 222, 322 contacts strap 216, 
316, and 328. 

FIGURES 4a and 4b are similar to FIGURES 3a and 3b except that cushions 418 and 
518 are fabricated from a conductive material. In one such embodiment, an embedded thin 
wire 422, 522 is disposed within cushions 418 and 518, and possibly also within base 
25 cushion 530. Preferably, the embedded thin wire 422, 522 has a portion thereof exposed to 
the interior surface 426, 526. However, alternatively, the embedded thin wire 422, 522 may 
be exposed just below the interior surface such that upon compression of cushion 418, 518, 
and 530, by the tube or duct being held, electrical contact is created there-between. 
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In the clamp embodiments with the metallic stitching, the embedded thin wire, and 
the metal impregnated conductive cushion material, assembly of the clamp is quite easy as no 
additional electrical connections or bonding needs to be made. The cushion is simply formed 
with the conductive material therein and is then secured to the respective strap. Such 
5 metallic stitching, embedded thin wire, or conductive cushion material not only will bear 
contact against the tube being held, but will also contact, in the preferred embodiment, the 
strap, which is metallic. Thus, use of the clamp assembly assures proper grounding of 
conductive items. This way, numerous grounding clamps, bolts, nuts, washers, grounding 
jumpers, and other parts are eliminated in a particular application, such as an aircraft. This 

10 reduction in part count reduces the risk of mistakes, speeds assembly times, and thereby 
reduces costs. Eliminating this loose hardware also reduces the potential of foreign object 
damage (FOD) resulting from dropping loose hardware during assembly, or disassembly 
during maintenance. Shop workers have expressed this due to the difficult access often 
associated where the grounding jumpers are located. Dropping hardware in a busy bay can 

1 5 sometimes result in hours of searching for all of the small parts. 

It will be appreciated that a wide variety of apparatus may be conceived that include 
clamping apparatus in accordance with alternate embodiments of the present invention, and 
that the invention is not limited to the particular embodiments described above and shown in 
FIGURES l-4b. For example, FIGURE 5 is a side elevational view of an aircraft 600 having 

20 one or more clamping apparatus 602 formed in accordance with alternate embodiments of the 
present invention. In general, except for the clamping apparatus 602 formed in accordance 
with the present invention, the various components and subsystems of the aircraft 600 may 
be of known construction and, for the sake of brevity, will not be described in detail herein. 
Embodiments of clamping apparatus 602 in accordance with the present invention, including 

25 but not limited to those embodiments described above and shown in FIGURES l-4b, may be 
employed in a wide variety of systems and subsystems within the aircraft 600. 

More specifically, as shown in FIGURE 5, the aircraft 600 includes one or more 
propulsion units 604 coupled to a fuselage 605, wing assemblies 606 (or other lifting 
surfaces), a tail assembly 608, a landing assembly 610, a control system 612 (not visible), 
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and a host of other systems and subsystems that enable proper operation of the aircraft 600. 
A plurality of clamping apparatus 602 formed in accordance with the present invention are 
employed in a variety of subsystems located within the fuselage 605 and distributed 
throughout the various portions of the aircraft 600, including, for example, subsystems for 
5 handling and distributing electrical power, oxygen, fuel, hydraulic fluids, and air. 

Although the aircraft 600 shown in FIGURE 5 is generally representative of a 
commercial passenger aircraft, including, for example, the 737, 747, 757, 767, 777, and 7E7 
models commercially-available from The Boeing Company of Chicago, Illinois, the 
inventive apparatus and methods disclosed herein may also be employed in the assembly of 

10 virtually any other types of aircraft. More specifically, the teachings of the present invention 
may be applied to the manufacture and assembly of other passenger aircraft, fighter aircraft, 
cargo aircraft, rotary aircraft, and any other types of aircraft, including those described, for 
example, in The Illustrated Encyclopedia of Military Aircraft by Enzo Angelucci, published 
by Book Sales Publishers, September 2001, and in Jane's All the World's Aircraft published 

15 by Jane's Information Group of Coulsdon, Surrey, United Kingdom, which texts are 
incorporated herein by reference. It may also be appreciated that alternate embodiments of 
apparatus and methods in accordance with the present invention may be utilized in the other 
applications, including, for example, ships, buses, trains, recreational vehicles, subways, 
monorails, or any other desired applications. 

20 While various preferred and alternate embodiments of the invention have been 

illustrated and described, as noted above, many changes can be made without departing from 
the spirit and scope of the invention. Accordingly, the scope of the invention is not limited 
by the disclosure of the preferred and alternate embodiments. Instead, the invention should 
be determined by reference to the claims that follow. 

25 
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